Abstract The effect of cultivation condition of two locally isolated ascomycetes strains namely Trichoderma asperellum UPM1 and Aspergillus fumigatus UPM2 were compared in submerged and solid state fermentation. Physical evaluation on water absorption index, solubility index and chemical properties of lignin, hemicellulose and cellulose content as well as the cellulose structure on crystallinity and amorphous region of treated oil palm empty fruit bunch (OPEFB) (resulted in partial removal of lignin), sago pith residues (SPR) and oil palm decanter cake towards cellulases production were determined. Submerged fermentation shows significant cellulases production for both strains in all types of substrates. Crystallinity of cellulose and its chemical composition mainly holocellulose components was found to significantly affect the total cellulase synthesis in submerged fermentation as the higher crystallinity index, and holocellulose composition will increase cellulase production. Treated OPEFB apparently induced the total cellulases from T. asperellum UPM1 and A. fumigatus UPM2 with 0.66 U/mg FPase, 53.79 U/mg CMCase, 0.92 U/mg β-glucosidase and 0.67 U/mg FPase, 47.56 U/mg and 0.14 U/mg β-glucosidase, respectively. Physical properties of water absorption and solubility for OPEFB and SPR also had shown significant correlation on the cellulases production.
Introduction
Malaysia is renowned as the second largest oil palm producers and exporters in the world [1] . The plantation areas reported in Malaysia is 4,487,957 ha (in 2008) , and the number is gradually increasing every year [2] . Thus, a huge amount of biomass wastes are generated from this agricultural activity. In spite of the well progress of palm oil industry in Malaysia, the biomass disposal system and utilization is still ineffective.
The most abundant biomass waste produced in the mill is oil palm empty fruit bunch (OPEFB) with estimation of 19.5 million tons in 2008 [3] . Recently, OPEFB have been exploited in various applications in order to ameliorate the values of this biomass into useful products. It was estimated that ethanol produced mainly from OPEFB can substitute 1 to 2 % of fossil fuel [4] . Although many researchers claimed that OPEFB has a good potential as a fermentation substrate, the justification on this substrate selection is poorly understood. Besides that, the decanter system is incorporated in oil palm extraction steps in order to separate the wastewater and decanter cake. The wastewater is fed into clarification process for recycling purpose whereas the solid waste or decanter cake is disposed on land. A study by Abdul Razak et al. [5] reported that alkaline treated oil palm decanter cake (OPDC) was able to be consumed by fungi for cellulase production. This indicated that decanter cake has a good potential to be applied in fermentation system.
Another attractive source of lignocellulosic feedstock can also be obtained from a palm species, Metroxylan sagu. Geographically, Malaysia is a tropical country that confers with diverse agricultural plant where sago is grown commercially in a large scale for sago starch production and Malaysia is one of the three leading world sago producers. The largest sago plantation in Mukah, Igan and Oya-Dalat district of Sarawak contributed 75 % to the whole sago plantation in Malaysia [6] . With increasing production of sago starch due to high demand in the recent years, the amount of sago waste generated from sago mills also shows a corresponding increase. As estimated in the study by Bujang and Ahmad [7] , approximately 400 tons per day of slurry effluent which contains about 20 tons of sago pith residue was released.
Lignocellulosic biomass is the most abundant and renewable resources that readily served as low cost substrate. Nowadays, the most challenging effort to convert lignocellulosic material into alternative energy is due to their complexity. The composition and proportion of each component is varying between lignocellulosic residues [8] . Cellulose usually comprised of crystalline region and a small part of non-organized cellulose chain called amorphous cellulose. Hemicellulose is a polysaccharide with lower molecular weight than cellulose and it is form from D-xylose, D-mannose, D-galactose, D-glucose, Larabinose, 4-O-methyl-glucuronic, D-galacturonic and D-glucuronic acids. Sugars are linked together by β-1,4 glycosidic bond. Lignin is linked to both cellulose and hemicellulose to form rigidity to plant cell wall [9] .
Cellulases are responsible for the hydrolysis of cellulose by the combination of several enzyme proteins with different specificity to hydrolyze the β-1,4 glycosidic bond. Three major classes of cellulases enzymes are endoglucanase (EC 3.2.1.4) often called carboxymethylcellulases, cellobiohydrolase (EC 3.2.1.91) or exoglucanase and β-glucosidase (EC 3.2.1.21) [10] . Cellulase is produced in parallel with microorganism growth (growth associated cellulases) as a primary metabolite [11] . Generally, in nature fungal propagation on lignocellulosic biomass is very slow and the manipulation of structural characteristic is very important to remove cell wall component which acts as barrier for the easier access of enzyme. However, the role of physical and chemical characteristic of particular substrates towards cellulases production was less highlighted so far. Therefore, investigation of physical and chemical characteristic will provide a better understanding to facilitate and enhance cellulases production. Different types of lignocellulosic biomass used as a substrate in cultivating microorganism contribute to different cellulase activity. Moreover, substrate utilized in different fermentation modes also influenced cellulase production. Therefore, the selection of suitable substrate and capable to induce high yield of cellulose degrading enzymes is very critical.
In the present study, we investigated the effect of physical and chemical properties of different lignocellulosic biomass particularly OPEFB and OPDC from palm oil mill industries as well as sago pith residues from sago industries as carbon source for cellulases production using two locally isolated ascomycetes namely Trichoderma asperellum UPM1 and Aspergillus fumigatus UPM2 through submerged and solid state fermentation to fully utilized the utmost potential of these carbon sources.
Materials and Methods

Sample Collections and Pretreatments
OPEFB and OPDC were obtained from Seri Ulu Langat palm oil mill, Dengkil, Selangor, Malaysia, while sago pith residues (SPR) was collected from Pusa, Sarawak, Malaysia. OPEFB was washed and oven-dried for 24 h at 90°C to remove moisture and ground to reduce the sizes to approximately 10 mm prior to pretreatment. OPEFB was soaked for 4 h at 37°C in 2 % sodium hydroxide and further autoclaved at 121°C for 5 min [12] . pH was neutralized to pH 7 using tap water and final rinsed with distilled water. OPDC also was applied with the same procedures of washing and drying at 90°C for 24 h to remove oil and grease composition and being excluded from any pretreatments since it was the leftover waste from the final processes of oil palm extraction and the condition was fine in structure. SPR was initially treated with dextrozyme, a commercial enzyme to remove starchy materials and oven-dried as the same condition above. All biomass were kept in airtight plastic bags and placed at 4°C until used.
Microorganisms and Inoculum Preparations
T. asperellum UPM1 and A. fumigatus UPM2 were isolated by Abu Bakar et al. [13] from rotten oil palm empty fruit bunch. Both fungi were maintained by growing on potato dextrose agar and subcultured monthly and kept at 4°C until used. Preservation of fungi with respect to the use of spores had also been done using mineral oil and was kept at 4°C to avoid genotypic and phenotypic changes throughout our study. For inoculum preparation, 8 mL of sterile distilled water containing 1 % (v/v) Tween 80 were spreads on plates and spores were scrapped using disposable hockey sticks. Spores suspension was gently removed by pipetting, and the spore concentration was counted on haemocytometer under light microscope. Initial spore concentration of ∼10 6 spores/mL was used as inoculum for cellulases production.
Culture Conditions
Different cultivation conditions of submerged and solid state fermentation were subjected for each of biomass as carbon sources for the production of cellulases. Salt solution [14] was used as basal medium which contained each of elements expressed in g/L:1.4 g NH 4 6 as an initial spores concentration. Fermentation was carried out for 10 days on rotary incubator shaker at 30°C. Samplings were done every 24 h interval.
In the case of solid state fermentation, 2 g of OPEFB, 2 g of SPR and 4 g of OPDC were placed in 100 mL Erlenmeyer flask. The quantity of substrates was used differently as the characteristic of each substrate with respect to the spaces occupied is one of the critical factors to be considered. A thin layer and well spread biomass will allow a good aeration flow throughout fermentation days. Each substrate was moistened with 80 % of initial moisture with salt medium. Flasks were inoculated with spore suspension of ∼10 6 spores/mL. Spores and substrates were mixed and incubated at 30°C for 10 days. The recovery of enzyme was done using 50 mM citrate buffer at pH 4.8, agitated at 150 rpm for 30 min and centrifuged to remove any residues. Crude enzyme broth was further analyzed for cellulases activity.
Enzyme Assay
Filter paper activity (FPase), endoglucanase (CMCase) and β-glucosidase activity were determined according to Wood and Bhat [15] . FPase was performed by the addition of 0.2 mL appropriate diluted enzyme solution to 1.8 mL of 50 mM sodium citrate buffer pH 4.8 containing Whatman no. 1 filter paper with cutting sizes 1 cm×3 cm used as substrate for FPase. Mixture was incubated at 50°C for 60 min. CMCase activity was measured using 0.2 mL of diluted enzyme solution with a mixture of 1.8 mL of 1 % carboxymethyl cellulose in 50 mM sodium citrate buffer pH 4.8. Incubation was done at 50°C for 30 min. The released of reducing sugars was determined by the 3,5-dinitrosalicylic acid method [16] . β-glucosidase activity was estimated using p-nitrophenyl-β-D-glucopyranoside (pNPG) as substrate. The 0.2 mL of enzyme solution with appropriated dilution was mixed with 2 mL of 0.15 g/L pNPG in 50 mM sodium citrate buffer and incubated at 50°C for 30 min. Reaction was stopped by adding 2 mL of 1 M sodium carbonate into the mixture and read at 400 nm wavelength. One unit of enzyme activity (U) was defined as the amount of enzyme required to generate 1 μmol of glucose or p-nitrophenol from substrates per minute under the above condition.
Protein Concentration
The soluble protein of crude enzymes was determined by Lowry method [17] . Protein standard was prepared by using bovine serum albumin obtained from Fischer Scientific Co.
Chemical Analysis
Cellulose, hemicellulose and lignin for each biomass were determined by the standard method of AOAC [18] .
X-ray Diffractometry
The organization of cellulose structure in terms of crystalline and amorphous cellulose was measured by X-ray diffractometer. Samples were analysed using XRD-6000 X-ray diffractometer (Shimadzu) with rotating anode X-ray scanned from 2 to 40 of 2θ using CuKα radiation generated at 30 mA and 40 kV. The crystalline indexes were calculated by the following equation [19] .
Where l 002 is the peak intensity from the (002) lattice plane (2θ=22.66) for crystalline peak, and lam is the peak intensity of amorphous phases (2θ=18.7). Crystallinity is defined as the ratio of the amount of crystalline cellulose to the total amount of sample material including crystalline and amorphous cellulose. This could be attributed to the greater hydrolyzation of the amorphous areas than crystalline areas and the occurrence of the peeling reaction in the amorphous region which caused the calculated relative crystallinity area increased after subjected to pretreatment.
Water Absorption Index and Solubility Index
Water absorption test and solubility test were performed using slightly modified method of Bledzki et al. [20] . About 1.5 g of dry sample of ground product (<60 mesh) were suspended in 20 mL distilled water using 50 mL centrifuge tube for over 30 min and subsequent centrifuge at 3,000 g for 10 min. Both supernatant and solid residues were used for determination of water absorption and solubility index. Supernatant liquor was poured into weighed aluminium container and kept at 90 o C for 24 h, and the amount of dried solid recovered was express as percentage of dry solids in 1.5 g. The remaining solid was weighed to determine the water absorption index.
Statistical Analysis
Statistical analysis was carried out using SAS software version 9.1(SAS Institute, Cary, NC, USA). Multiple comparisons were conducted using Tukey test and considered significant at P<0.05.
Results and Discussion
Effect of Cultivation Condition and Type of Strains on Cellulase Production
T. asperellum UPM1 and A. fumigatus UPM2 were grown in solid state and submerged fermentation to determine the most potential condition for cellulases production. Solid state fermentation is defined as a fermentation which was carried out in the absence or with a very small volume of free water [21] . While submerged fermentation was defined as the presence of excess water throughout fermentation. Table 1 shows the cellulases produced by T. asperellum UPM1 and A. fumigatus UPM2 through solid state and submerged fermentation while Fig. 1 shows the total cellulases produced for determination of the efficiency of cellulase production in both cultivation conditions.
The data indicates that higher total cellulase was synthesized through submerged fermentation as compared with solid state fermentation for both strain. Due to variation of individual component of cellulase enzyme among substrates, selection of the most influenced substrate towards cellulases production was calculated based on the unit of enzyme activity over protein concentration (unit per milligram protein) of total individual enzyme (Fig. 1) . The total enzymes of cellulase consists of FPase, CMCase and β-glucosidase show the significance (P<0.05) of submerged fermentation in the enzyme production as compared to solid state fermentation. The highest total cellulase was produced from treated OPEFB with 55.37 and 48.37 U/mg by T. asperellum UPM1 and A. fumigatus UPM2, respectively, followed by SPR and OPDC. OPEFB was efficient to induce FPase and CMCase from both strains in submerged fermentation (Table 1) which were vital as ratelimiting indicator for enzymatic hydrolysis process [22] . However, there are no significant different of cellulases produced between OPEFB and SPR. Previous studies has reported solid state fermentation as the preferred fermentation [23, 24] , but contrary with our study, lower cellulase were produced in all types of substrate with the exception of FPase which was secreted higher than submerged fermentation using SPR and OPEFB (Table 1) .
Our result also in accordance with the research done by Elisashvili and co-workers which proposed submerged fermentation provides better production for hydrolytic enzyme or cellulolytic enzyme, whereas solid state fermentation is favourable for ligninolytic enzyme when mandarin peels and tree leaves were used as substrates [25] . Lopez and co-workers determining the ability of ascomycetes Coniochaeta ligniaria NRRL 30616 inoculated on pepper plant residue through submerged and solid state fermentation for the lignocellulolytic enzyme production [26] . They reported that higher level of lignocellulolytic enzyme was detected in submerged fermentation at the early stage of fermentation compared to solid state. It was suggested that our studied ascomycetes' strains were appropriate to be cultured in submerged fermentation with regards to the higher FPase and CMCase in total (Table 1) . Substrate swelling characteristic was believed to be the major contributing factor influenced cellulases production in submerged fermentation. Immersion of substrate in the media was believed to increase the surface area by the absorption of water containing nutrients into substrates leading to enhanced accessibility of microbes to the target component of cellulose [27] . The enzyme pattern from two different strains was studied in submerged fermentation. In general, A. fumigatus UPM2 was found to be the leading strain in FPase, CMCase and β-glucosidase production using SPR and OPDC whereas T. asperellum UPM1 was best cultivated on OPEFB based on the total enzyme activity (Fig. 1) . Apparently, SPR was able to induce higher β-glucosidase activity among tested substrates for both strain with 1.3 U/mg from A. fumigatus UPM2 and 1.14 U/mg from T. asperellum UPM1 (Table 1) , presumably caused by the chemical and physical characteristic which will be explain in next section.
The ability of both strain producing individual cellulase was investigated due to the reason that one of the fungi was unable to produce complete synergy enzymatic system to hydrolyze wide range of substrates in a time, enzyme cocktail approach was made to improve the enzymatic hydrolysis by either two or more producing cellulase which aims to address the drawback of a species with lack of either FPase or CMCase and β-glucosidase which enable the complementary needs for an efficient breakdown of saccharides [28] .
Due to the fact that cellulases production is strain and substrate specific [29] , we carried out a study using commercial cellulose (Sigmacell-50) as a model carbon source to compare the effectiveness of cellulase produced by both fungal species. Cellulose was selected due to its characteristic as a good inducer in cellulase production. It was observed that both strains show different mechanism and reaction towards cellulose with total cellulase produced was 37.9 U/mg for T. asperellum UPM1 while A. fumigatus UPM2 shows extremely lower activity with 10.1 U/mg (unpublished data). It was suggested that different strain will synthesize different composition of individual cellulases towards particular substrate [22] . A study done by other researches stated that Aspergillus sp. was known to produce higher β-glucosidase whereas Trichoderma sp. is less in β-glucosidase activity when grown on soybean hull [30, 31] which overall will change the composition of individual cellulase . The effects of two fungi species of Trichoderma reesei and Aspergillus phoenicis on dairy manure was studied [29] , and again, it was observed that cellulase production was dependent on the fungal species and substrates used. The comparison of submerged and solid state fermentation using different substrate and strains for cellulase production on the basis of cellulose percentage was shown in Table 2 . Table 3 shows the composition of lignocellulosic material for each substrate. The data represented to outline the holocellulose (hemicellulose+cellulose) and lignin. Overall, the significant content of holocellulose was obtained in OPEFB followed by SPR and OPDC. In our study, 2 % of sodium hydroxide used for the pretreatment was sufficiently enough to remove some lignin of OPEFB and preserved the holocellulose content up to 81.3 %. SPR was treated enzymatically using specific biocatalyst for starch removal and holocellulosic content was left exposed to 47.1 % while OPDC was used without subjected to any pretreatment since it was the leftover waste mixed with oil and dust composition and fine in structure. Further washing for oil removal was done prior to fermentation, and the available holocellulose that remained was 25.6 %. Higher holocellulose content was able to induce the total cellulase produced effectively by OPEFB and followed by SPR and OPDC. Total cellulosic content had been observed to have a profound effect in the induction of cellulase [32] . The increase in cellulase reactivity is due normally to the increase in surface area and the removal of cell wall components to enhance the direct contact of enzyme and substrate particularly cellulosic material [33] . The cellulases production from natural or raw substrate is usually slow and restricted by the present of lignin which acts as a complex barrier from biodegradation. Therefore, pretreatment is necessary to remove the lignin component and expose the holocellulose component to be utilized by microbes.
The data from Table 1 was referred to investigate the relationship between cellulase and physicochemical characteristic in submerged fermentation. OPEFB had the most significant effect on the cellulase production followed by SPR with the total enzyme of FPase, CMCase and β-glucosidase was close between each while OPDC had a very least effect (P<0.05). Figure 2 shows the X-ray diffraction profiles of each substrate with inclusive profile of cellulose as the model substrate higher in crystallinity. Among the three substrate tested, OPEFB contained higher crystalline cellulose with 62.75 % followed by SPR and OPDC with 27.96 and 23.24 %, respectively. Observation on the effects of crystallinity index and the cellulases production particularly for both OPEFB and SPR showed that it was concurrent with the previous reports which stated that higher crystallinity will induce cellulolytic enzyme [34] .
The crystallinity index represents the percentage of crystallinity region over the total amorphous and crystalline cellulose. It is one of the substrate properties which is very important for the cellulase system to take place in fermentation and hydrolysis process. The lower crystallinity portion in particular substrates was important to obtain higher hydrolysis rate and monosaccharides production. While in cellulases production, the higher crystallinity portion will trigger higher cellulases. Cellulolytic secretion by fungi normally was induced by the crystalline nature of the carbon sources used [33] . Studies on the changes in structure and properties of cellulose in different lignocellulosic materials treated with different extracellular microbial enzyme were observed that cellulases showed an evident effect on crystallinity [35] . A research done on two types of carbon sources through submerged fermentation of T. reesei showed that crystalline-cotton-induced cellulolytic complex higher than Solka-Floc [36] . OPEFB significantly affects cellulase production followed by SPR and OPDC with (P<0.05) ( Table 4 ). Commercial cellulose used as carbon source produced 0.623, 26.19 and 11.08 U/mg (unpublished data) with respect to FPase, CMCase and β-glucosidase by T. asperellum UPM1. On the other hand, A. fumigatus UPM2 produces 0.45, 0.87 and 8.74 U/mg (unpublished data) of FPA, CMCase and β-glucosidase, respectively. Results showed a significant value of β-glucosidase that was produced by both T. asperellum UPM1 and A. fumigatus UPM2 on cellulose whereas FPase and CMCase were produced higher on the tested substrates of OPEFB and SPR. It was suggested that cellulose was a good substrate to induce the β-glucosidase activity. Furthermore, comparing commercial cellulose which is purely cellulose with other substrates in terms of chemical composition with the present of lignin and hemicellulose, the total cellulase produced was far higher in OPEFB and SPR. The involvement of lignin and hemicellulose was suggested to have had interfere the synthesis of enzyme by the changes of individual cellulase composition between substrates. However, crystallinity of cellulose is not the only constraint that influenced cellulase production. Since submerged fermentation was selected as the best cultivation condition, another factor associated with cellulase production which is water absorption and solubility was studied. These factors were important to determine the diffusion of water into substrate that might affect chemical and physical properties and eventually caused changes of matrix or fibre structure and interaction. Thus, the influences towards cellulase production were also studied. The higher crystallinity index of OPEFB resulted in lower absorption and solubility index with 4.85 g gel/g and 0.63 %, respectively (Table 5 ). SPR had higher absorption index among tested substrates with 10.07 g gel/g.
It was suggested that the presence of residual starch from previous extraction process is the pulling factor of moisture absorption. Moisture uptakes were normally being played by the presence of hemicellulose, starch, accessible cellulose, noncrystalline cellulose and lignin [20] . Water absorption capacity of each substrate depends on several factors such as solid matrix structure and superficial area including the hydrogen bonding formation [37] . The free hydroxyl group of cellulose and lignin functions to hold water molecules by hydrogen bonding contributed to the highly hydrophilic lignocellulosic biomass. Cellulose in nature is a polymer consisting of linear chain of 1,4-β anhydro glucose units. The hydroxyl group of the crystalline region could form hydrogen bonds between parallel chain, and therefore, reducing the water sorption. It was proven by the results of crystallinity index showed in Table 4 .
In addition, highly absorption capacity will somehow relate with viscosity. Too viscous solution indeed contributes to the lower oxygen distribution to the microbes and finally slowing down the microbial growth. Oxygen transfer coefficient K L a normally influenced by several factors such as viscosity, ionic strength and presents of surfactant [38] . However, there are no significant different of SPR, though it had higher water absorption index compared with OPEFB. Porosity of substrates might be considered to be the additional factors instead of water and solubility capacity. Research in α-amylase production on various model substrates with different level of porosity by Aspergillus oryzae showed that substrate with higher porosity had higher enzyme production [39] . Higher porosity of substrates will allow the penetration of oxygen and therefore enhance fungal propagation. OPDC was found to be higher in solubility index with 18.47 % and lower absorption index of 3.35 g gel/g as probably contributed by some amount of oil and grease and its high content of lignin. Very low level of cellulase was produced using this substrate. Data presented are the average of at least duplicate experiments with standard error less than 10 %. Different letters represent significant different toward cellulase production using Tukey test at P<0.05
Conclusion
Submerged fermentation of T. asperellum UPM1 and A. fumigatus UPM2 had shown effective cultivation condition for cellulase productions compared with solid state fermentation. It was suggested that chemical and physical properties play a vital role in cellulases production based on the types of substrate. OPEFB with higher crystallinity favoured production of FPase and CMCase by T. asperellum UPM1 while SPR with highly amorphous cellulose tend to produce β-glucosidase by using A. fumigatus UPM2. Holocellulose quantity has shown significant influence on the cellulases production as the increase of holocellulose quantity will enhance cellulases, and these effects were both culture and enzyme specific. The water absorption and solubility index of each substrate used were suggested to reflect the real condition during fermentation. OPEFB exhibit the suitability to be used as substrate for enhanced cellulase production.
